Background Recommended follow-up intervals after endoscopic removal of hyperplastic polyps (HP) and sessile serrated adenomas (SSA) differ because of assumed differences in biological behaviour. However, histopathologic differentiation is difficult, with higher SSA rates reported from specialist GI histopathologists. Objective The objective of this study was to clarify the relevance of histologic reassessment of HP. Design and setting From a prospective screening colonoscopy study relevant serrated lesions (excluding distal small HP ≤5 mm) diagnosed by private practice pathologists were reassessed by four specialized GI pathologists Patients One thousand sixty-nine screening colonoscopies were performed in patients.
Introduction
Colorectal polyps are increasingly detected during colonoscopy both due to more colonoscopies being performed within various screening programmes and due to increasing awareness of endoscopists; recently, it has been shown more adenomas are found during screening colonoscopy within the German screening programme, just to name one example [1] . Therefore, the correct recognition, assessment and classification of colorectal polyps are of paramount importance for further management. Of these polyps, serrated polyps/lesions or adenomas have recently attracted much attention [2] .
Serrated colonic lesions consist of several subgroups, the most important of which are hyperplastic polyps (HP) and sessile serrated adenomas (SSA) in terms of frequency. The biological behaviour of those two types is considered to be different: SSA are widely recognized as precursor lesions of serrated pathway colorectal carcinoma [2, 3] , while HP are still considered to have no malignant potential. The prevalence of SSA remains unclear, varying between 2.8 % (standard care) and 9 % (single-expert endoscopy and pathology reports) in patients undergoing screening and/or diagnostic colonoscopy [4] [5] [6] [7] . Similarly, although there are two different variants of the pathway from serrated adenomas to colorectal carcinoma with regards to cancer aggressiveness [8] , the relevance in clinical practice especially with regards to screening colonoscopy and associated adenoma findings is not yet clear.
A detection rate of 5 % has been suggested for proximal serrated lesions for average-risk men and women undergoing screening colonoscopy [9] including both HP and SSA. With regards to their relative distribution within the group of serrated lesions, the rise of SSA detection rate over time [10] could be at least partially due to a shift in diagnosis from hyperplastic polyps on histopathological review [11, 12] . The distinction between SSA and HP, however, may be difficult, and previous studies have also reported poor to fair interobserver agreement rates for histopathological diagnosis of SSA versus HP, with kappa values ranging from 0.16 to 0.38 [11, 13, 14] . For these reasons, diagnostic criteria for SSA have been recently refined by several expert panels and consensus conferences [2, 15] , in the hope of arriving at a more uniform and reproducible histopathological diagnosis.
From a clinical point of view, guideline follow-up intervals differ for true hyperplastic polyps (if they are the only polyps found) and for SSA. The recommended follow-up for hyperplastic polyps is 10 years, whereas that for SSA, which is analogous with those of conventional adenomas, varies between 3 and 5-10 years, depending on size, number and histology [16, 17] . Because of the uncertainties in histological diagnosis mentioned above, the current study analyses the value of a second opinion for smaller serrated polyps (≤10 mm) removed during screening colonoscopy.
Methods

Case selection and reassessment
All colonic hyperplastic polyps were selected from a previously published study [18] on the endoscopic differential diagnosis of colonic polyps, which had been originally interpreted as hyperplastic polyps by private practice pathologists. Out of these, hyperplastic polyps that were distally located (below the splenic flexure) and were ≤5 mm in size were excluded: This was done because such small whitish polyps can usually be recognized at endoscopy as hyperplastic and are almost always histologically confirmed as such if resected or removed under biopsy. Furthermore, for these reasons, they are often even left in place especially if they are diminutive and multiple. Thus, in summary, the case selection for this study included all HP on the right side (oral of the splenic flexure) and HP >5 mm on the left side (aboral of the splenic flexure).
These selected cases were pseudonymized (only sex and age were known) and were reassessed by four specialized gastrointenstinal (GI) pathologists (M.C., D.A., L.B., M.V.) using the original haematoxylin and eosin (H&E)-stained slides with serial sections; the diagnostic criteria for SSAs are shown in Table 1 . These histopathologists had specific interest in colonic pathology and had already published on the topic and/or were involved in consensus meetings on polyps and SSA. To mimic a second-opinion procedure, the four pathologists were not blinded to the original diagnosis by community pathologists (namely, all diagnosed as HP) of the lesions they reviewed. That is, the histopathologists involved in reassessment knew that they reassessed polyps of all sizes in the right colon and polyps of 5 mm and more in the left colon which had been originally given the diagnosis of a hyperplastic polyp in the primary histopathological workup; this closely mimics a second-opinion process. In their reassessment, they had to choose between genuine HP, SSA, traditional serrated adenoma (TSA) and conventional adenoma. As required by the German reimbursement system, at least eight serial sections have to be available per polyp; all histopathologists received these serial sections for reanalysis.
With regards to removal technique, all polyps of more than 5 mm diameter had been removed by snare, and smaller polyps by either snare of biopsy forceps using multiple bites. Table 1 Microscopic criteria for diagnosis of SSA according to the German Society of Pathology [15] • Hyperserration, serration in the lower third of the crypts with and without branching of the crypts • T-or L-shaped crypts above the muscularis mucosae Secondary outcomes & There is a likelihood of a shortening of recommended follow-up intervals on a per-patient basis, namely, shortening from 10 years (based on a diagnosis of HP only) to either 3 or 5-10 years based on the presence of adenomas. For this analysis, SSA were treated like adenomas with respect to follow-up recommendations [16, 17] , although this practice might not be regarded as finally established. Follow-up recommendations were based on recent guidelines which can be summarized for this analysis as follows: 5-10 years are recommended for one to two adenomas <10 mm in size, while 3 years are recommended for three to ten adenomas even if smaller (the other criteria relate to larger sizes or more advanced histology than that found in our study on small polyps) [16, 17] . To categorize follow-up intervals, 3 and 5-10-year recommendations were taken together as Bshortening in follow-up intervals^due to limited sample size of HPs selected for the study. & There is an interrater variability between the four specialized GI pathologists in the diagnosis of HP versus adenoma/SSA.
Statistical analysis
Change in diagnosis and subsequent change in follow-up recommendation For these analyses, change of diagnosis of polyps was considered on a lesion basis, while change in follow-up recommendation was analysed on a per-patient basis (for patients without concomitant adenomas). We used the following assumptions: A Bchange in diagnosis/ follow-up^would occur if any histopathological second opinion led to the diagnosis Bnot HP but adenoma and/or SSA^. As predictors for Bchange in diagnosis/follow-up yes/no^, we used the following variables: size, location (left/right), interaction between size and location, age, sex and occurrence of one or more lesion. Additionally, we employed the same model but using size as a categorical variable with the cutoff of 5 mm (≤5 vs >5 mm). We estimated a random intercept model with change in follow up yes/no as outcome and crossed random effects of pathologist and patient. The benefit of this modelling is that both pathologist and patient were treated as random selections. For both, the median odds ratios (MORs) were applied to quantify the variation between clusters by comparing two different patients (or two pathologists) from two randomly chosen, different clusters, as outlined in detail elsewhere [19] . Principally, as described in that paper, when two persons with the same covariates, chosen randomly from two different clusters, are considered, BThe MOR is the MOR between the person of higher propensity and the person of lower propensity. … The measure is always greater than or equal to 1. If the MOR is 1, there is no variation between clusters (no second-level variation). If there is considerable between-cluster variation, the MOR will be large. The measure is directly comparable with fixed-effects odds ratios^.
Analogous modelling was used for estimating the likelihood of a change in diagnosis on a lesion basis. The random intercept was changed from patient to lesion clusters, and an additional predictor, namely, coexistence of adenoma(s) in the same patient, was included in the model. Using the likelihood ratio test, all insignificant interactions and variables were excluded from the models (backward elimination).
Interobserver agreement We fitted an ordinal regression with the following agreement outcomes: 0 = no assessment possible; 1 = two out of four pathologists agreed; 2 = pairwise agreement; 3 = three out of four pathologists agreed; and 6 = total agreement. As predictors for agreement, we used the following variables: size, location (left/right), interaction between size and location, age, sex, occurrence of one or more lesion(s) and coexistence of adenoma(s) in the same patient.
Nominal p values are reported without correction for multiplicity, and p values <0.05, two-sided, were considered significant. All analyses were conducted using Stata 13.1 (StataCorp, College Station, Texas, USA.
Results
Patients and polyps
Patient numbers for polyps of different histology and the case selection for this study are shown in Fig. 1 . The adenoma detection rate, that is, the percentage of patients with at least one adenoma detected, was 28.2 %, and 170 patients were found to have serrated lesions, i.e., HP and SSA (170/1069; 15.9 %). Amongst these 170 patients, there were 101 hyperplastic polyps that met the inclusion criteria for this study, found in 83 patients (41 women, 42 men; mean age 62 years, range 52-84 years). In addition, six further serrated lesions had been primarily diagnosed as SSA by community pathologists but were not included in the reassessment.
The mean polyp size was 5 mm (range 1-10 mm); 34 HP were left-sided with mean size of 6 mm (size range 5-10 mm, see inclusion criteria), and 67 were right-sided with mean size 4 mm. No HP larger than 10 mm was found during the study in the 1069 patients. Biopsy forceps had been used to remove 51 lesions and snare polypectomy for 50 lesions. Interobserver agreement (Table 2) Overall kappa for the confirmation of HP was 0.448 (95 % CI 0.28-0.60; p < 0.001). Using ordinal regression for the degree of agreement defined above, after the backward elimination, only the interaction between size and location and the patient age showed a significant influence on interobserver agreement. The proportional odds assumption was not violated.
With increasing patient age, the probability of agreement decreased (OR 0.92, 95 % CI 0.86-0.99; p = 0.024). For leftsided lesions, polyp size had no effect on agreement, with an OR of 1.01 (95 % CI 0.58-1.76; p = 0.967). Over all observed sizes (5-10 mm) for left-sided lesions, the adjusted probability of total agreement was 72.5 % (95 % CI 55.4-89.7 %). For right-sided lesions, the probability of agreement decreased by size, with an OR of 0.55 (95 % CI 0.42-0.73; p < 0.001). This different effect of size by location was significant (p = 0.039). In summary, agreement was worst for larger (>5 mm) rightsided lesions (OR 0.22, 95 % CI 0.07-0.65, p = 0.006) as compared to smaller and left-sided polyps. This is shown in detail in Fig. 5 . *The total number of polyps is 101 (61 + 6 + 33+1), but the total number of patients is higher (51 + 5 + 33 = 89 instead of 83) since there were 6 patients with at least two hyperplastic polyps who appear in two different subgroups with regard to consensus. 
Change in follow-up recommendations
In patient group, follow-up would change to shorter intervals with a change in diagnosis to SSA (or adenoma) after reassessment of HP. These possible changes in follow-up recommendations based on a change in HP diagnosis following histopathological reassessment are shown in Fig. 1 . Overall, 34/83 patients (41 %) had concomitant adenomas/ SSA; these determined the follow-up interval, and these patients are not considered in the following analyses. The subgroup of HP patients without concomitant adenomas/ SSA comprised 49 patients (28 women, 21 men; mean age 63 years, range 52-84) with 54 lesions. Mean polyp size was 5.22 mm (range 2-10 mm); 17 lesions were in the left colon (3 lesions >5 mm, 17.7 %), and 37 were right-sided (14 lesions >5 mm, 37.8 %). In only one case, the additional diagnosis of a small adenoma from the original diagnosis of HP would have shortened follow-up intervals due to the increase in numbers of adenomas from two to b Histology shows a polyp with serration, tangential cut mimicking micro-herniation, but no complex architecture, no microherniation and some basal goblet cells, T-or L-shaped glands seem to be present but, due to tangential cut, hard to assess. As far as from this tangential cut, it could be concluded that the lesion is representing a hyperplastic polyp three; the other patients had less than three adenomas even with diagnostic changes after reassessment. Overall, also in this subgroup, the likelihood of reduction of follow-up interval was also significantly increased for patients with larger (>5 mm) right-sided lesions (32.1 %, 95 % CI 0-71.2 % vs 3.3 %, 95 % CI 0-9.2 %; p < 0.01), resulting in an almost 14-fold higher chance as compared with patients with all other lesions (OR = 13.8, 95 % CI 2.3-84.7; p = 0.004). With regards to the influence of different pathologists and possible differences between patients, the MOR was 3.2 (95 % CI 1.6-15.8) for pathologists and 6.2 (95 % CI 2.8-25.2) for patients (see BMethods^section). In relation to the entire patient group (n = 1069), changes in follow-up recommendation arising from histopathological reassessment of HP would occur in only about 1 % of cases overall (see Fig. 1 ).
Discussion
Colorectal adenomas are known precursor lesions of colorectal carcinoma, and on the detection and removal of these adenomas rests the preventive effect of colorectal cancer screening including stool tests and colonoscopy. Up to now, these polyps were mainly differentiated into hyperplastic polyps and adenomas. In recent years, sessile and TSAs have been identified as separate lesions which may be precursor lesion in the so-called serrated and alternate pathways of colorectal carcinogenesis [3, 20] . Therefore, correct diagnosis and differential diagnosis of serrated lesions (hyperplastic polyps, sessile and TSAs) is very important for further management including follow-up.
Among colonic serrated lesions, SSA have aroused great interest in recent years, mainly because of their different pathway to colorectal cancer [21, 22] . They could also be missed more frequently, since they are mostly flat lesions and located in the right colon. Histological criteria have been developed on the basis of morphological changes and marker expressions [2, 15] . The malignant potential of SSA has been regarded as substantial by some groups [23] , but no consensus exists about both their occurrence and overall cancer risk in a broad community setting. BTruly^hyperplastic polyps constitute separate subgroups in the WHO classification of serrated lesions in the colorectum [24] ; in the past, they have been considered to harbour no malignant potential [25] . This, however, seems to be based on morphological assessment rather than on large and meticulous follow-up studies; furthermore, recent data suggest that mutational changes may already have occurred at the hyperplastic polyp stage [26] .
With regard to the histopathological diagnosis of serrated lesions, it has been shown previously that the diagnosis of these polyps made by community histopathologists is often not confirmed in a second-opinion procedure by specialized GI pathologists-findings confirmed by our study. In earlier studies on serrated lesions, it has already been stated that Bthere is great morphologic variability in SPs [serrated polyps] in the large intestine and what has been considered by some to be a morphologic continuum between HPs and SSA (e.g., as part of the Bhyperplastic polyp-serrated adenoma-carcinoma sequence^) may not truly be a continuum but rather may represent an inability to separate these lesions based on a superficial evaluation of the morphologic features^ [24] . In 2009, Douglas Rex's group showed that in a historical group of 40 hyperplastic polyps diagnosed in 2001, 30-85 % of these polyps were reinterpreted as SSA by gastrointestinal pathologists in 2007. Already then, interobserver agreement between specialized GI pathologists was seen to be poor with a very low kappa value (0.16) [11] . Our kappa value of 0.48 is in the moderate range, in line with most interobserver results in histopathologic and endoscopic assessment studies, especially when observers from different departments are involved, which much more relates to daily reality than experts from one single center.
The low rate of SSA diagnosed primarily in our study may reflect a lower rate during screening in daily practice as well as an underdiagnosis by community pathologists; taken together with HP, the overall rate of serrated lesions (8.4 %) correlates well with other papers: A study from Canada in 2012 demonstrated that in a provincial pathology database including 4096 colon polyps, 635 were reported as hyperplastic, most of them (81.3 %) being left-sided. Of the 119 right-sided HP, 114 were re-analysed by two specialized GI pathologists using a mutual consensus process, alongside 90 randomly selected left-sided HP. In this study, 17 % of right-sided polyps and 20 % of those >5 mm were reclassified as SSA [12] . In a similar study from Australia, 6340 colorectal polyps diagnosed by one histopathologist were reviewed with regards to the occurrence of SSA which formed 12.1 % of this group (n = 741); 80 % were located in the proximal colon. Interobserver concordance was analysed in a small subset of cases (n = 90) and was found to be good (kappa 0.66). Of the SSA subtypes, concordance was 100 % for SSA and 90 % for pSSA, defined as below the WHO definition threshold for SSA-type crypt number [27] . In contrast, two further studies on interobserver agreement found rather disappointing results [13, 14] .
Our study was different from previous ones as we focused on serrated polyps up to 10 mm (none was larger than 10 mm in our patient group) and excluded obvious and Beasy^HP cases, namely, diminutive polyps (<5 mm) in the distal colorectum. Thus, the subgroup represents the most difficult cases for histopathological assessment; on the other hand, these smaller lesions are those for which the histopathological classification is discussed most. In our study with an overall adenoma detection rate of 28 %, the rate of sessile serrated lesions in the entire patient group was 15.9 % and the rate of proximal serrated lesions 5.4 %. Our private practice histopathologists may not be comparable with community pathologists included in other studies since they represent variable levels of experience and specialization, but none of them with specific and scientific interest in colonic serrated adenomas.
We also attempted to bring together the consequences of a second-opinion process with the issue of interobserver agreement: Although histopathology re-review of polyps diagnosed primarily as hyperplastic revealed different diagnoses from HP in 40 % of cases, interobserver agreement among the GI pathology specialists was moderate. Even more importantly, however, proximal and larger HP lesions had a high risk of a change in diagnosis but also had the highest interrater variability among GI specialized histopathologists. These results reflect the different weighting of diagnostic criteria for serrated lesions by the pathological community. Thus, a second opinion process is not worthwile at the present state of knowledge in daily practice given the uncertainties in endoscopic and histopathologic diagnosis and the lack of knowledge of long-term behaviour of serrated lesions. In the meantime, and in the light of our results and those of others, we would recommend to remove these lesions as if they were adenomas and not remove them under biopsy.
New and cost-effective histopathological markers are therefore in great demand, at least theoretically. It is likely that using markers such as BRAF, c-MYC oncogene and SIRT1 protein may be helpful in determining the risk status of serrated lesions [23] but may significantly increase costs of histopathological analysis. As mentioned, it is still unclear, whether, alternatively, sophisticated endoscopic methods may provide similar results in the future. Studies on follow-up after removal of sessile lesions are required to see whether there are any differences between them beyond the well known parameters of patient age and sex and polyp size, form and location.
For the time being, it could be considered whether rightsided HP lesions >5 mm should receive a follow-up regimen similar to that of SSA and adenomas, even if the primary histopathologic diagnosis was hyperplastic polyp. We could show that histological reassessment within a second-opinion process does not make sense, since there was both a high likelihood for a change in diagnosis and at the same time a high interrater variability. Finally, this would concern only a small minority of patients (1 % overall and 6 % of the 83 patients with HP only) as also shown in our study, since about half of HP patients have concomitant adenomas which almost always determine follow-up intervals.
